Copper hydrides have proven to be potent catalysts for the hydrogenation and hydrosilylation of ,unsaturated ketones, carbon-carbon multiple bonds, and CO 2 . [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] In contrast, only a handful of examples of silver-catalyzed hydrogenation and hydrosilylation are known. [15] [16] [17] [18] [19] [20] For example, AgOTf has been shown to catalyze the hydrosilylation of aryl aldehydes in the presence of Me 2 PhSiH and PEt 3 . 16 Similarly, the semihydrogenation of alkynes by a heterobimetallic Ag/Ru catalyst has been reported. 19 In both cases, catalysis is thought to proceed via a Ag-H intermediate, but this hypothesis has yet to be confirmed, though recently a silver hydride dimer, [{(SIDipp)Ag} 2 (µ-H)]X (SIDipp = 1,3-bis(2,6-diiso-propylphenyl)imidazolin-2-ylidene; X -= OTfor BF 4 -), was shown to stoichiometrically reduce CO 2 to formate. 21 This limited understanding of Ag-H reactivity is due, in part, to the difficulty in generating stable silver hydride complexes; a consequence of this metal's relatively high M(I)/M(0) half-cell potential (0.80 V). 22 Because of this property, Ag I -H complexes more easily decompose to yield Ag 0 and H 2 versus their Cu counterparts. Consequently, Ag I -H complexes have proven to be relatively rare. 21, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] Moreover, the examples isolated thus far are either homometallic monohydrides, e.g., [Ag 7 H{Se 2 P(O i Pr) 2 } 6 ], 31 heterometallic polyhydrides, e.g., [Ag(µ-H) 4 {Re 2 (µ-H)(CO) 8 } 2 ] -, 33 or polyhydrides observed via elec-trospray ionization mass spectrometry, (e.g., [Ag 10 H 8 (dppm) 6 ] 2+ ) 34 or NMR spectroscopy (e.g., [Ag 18 H 16 (Ph 3 P) 10 ] 2+ ). 39 Herein, we report the synthesis and characterization of the first structurally characterized homometallic silver polyhydrido cluster, [Ag 6 H 4 (dppm) 4 (OAc) 2 ]. In addition, we have examined its ability to catalyze the 1,4-and 1,2-hydrosilylations of (,-unsaturated) ketones.
Addition of 1 equiv of dppm and 0.5 equiv of diphenylsilane (Ph 2 SiH 2 ) to a slurry of Ag(OAc) in benzene results in a rapid color change from white to dark redbrown. Work-up of the solution after stirring at room temperature for 15 h results in the isolation of the first silver polyhydrido cluster, [Ag 6 H 4 (dppm) 4 (OAc) 2 ] (1), as a colorless, crystalline solid in 47% yield (Scheme 1).
Scheme 1. Synthesis of Complexes 1 and 2
Complex 1 crystallizes in the triclinic space group P1 as the benzene solvate 1•2.5C 6 H 6 ( Figure 1 ). In the solid state, the Ag atoms of the [Ag 6 ] 6+ core are arranged in an octahedron. The four dppm ligands coordinate to an equatorial belt formed by four Ag atoms. Each dppm ligand is deflected out of the [Ag 4 ] 4+ plane, with two arranged above the plane and two below the plane in an alternating fashion. While the four hydride ligands were not located in the difference Fourier map, the arrangement of the dppm ligands likely requires that the hydride ligands occupy the four trigonal faces that are opposite a dppm moiety with a  3 -binding mode. Lastly, the two acetate counterions are bound to
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Ag-Ag bond le ch is longer t of 2.88 Å. Th ovalent radiu tion lies well for Ag, 41 sugge actions within similar to tho 35, 37, 38 and Ag P distance (2 [49] [50] [51] [52] [53] [54] with the high te, its 31 are known to s of (,-uns ilane. 6, 7, 16, 65, 6 bility of compl 2-cyclohexen-5 equiv) to 3 ts), in C 6 D 6 r onding silyl en in small a oduct, 4c. 67 68 or the 1,4conversion However, selectivity gly, in the m the stoivation has 69 and can of the copequilibrie presence drive the n, we also talyze 1,4ns. Of the the most We also screened the ability of 1, 2, and [CuH(PPh 3 )] 6 to catalyze the 1,2-hydrosilylation of cyclohexanone (5) . Thus, addition of Ph 2 SiH 2 (1.3 equiv) to 5, in the presence of 1 (0.10 Hequivalents), in C 6 D 6 resulted in 42% conversion to the silyl ether 6 after 24h ( 2+ cores are unusually stable, and a more powerful hydride source would be required to drive the reduction to completion. Finally, both 1 and 2 are effective pre-catalysts for the hydrosilylation of (,unsaturated) ketones. Most notably, these results represent the first example of catalysis with an authentic, isolable silver hydride, expanding the scope of catalytic reactivity known for the group 11 hydrides.
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